ABSTRACT Three workers developed classical extrinsic allergic alveolitis while working in a printing works that had a contaminated cold water humidifier. All had nodular shadows on their chest radiographs, reduced gas transfer measurements, and lung biopsy specimens that showed an alveolitis with giant cells and cholesterol clefts. In two subjects bronchoalveolar lavage was performed and the lavage fluid contained more than 70% lymphocytes in each case. Bronchial provocation tests with the humidifier antigen in these two workers reproduced their symptoms. Unlike previously reported cases, where exposure was to humidifiers working at generally higher temperatures, challenge with thermophilic actinomyctes in our two patients produced no reaction. Tests for precipitins to the humidifier antigen gave strongly positive reactions in the three workers but no single organism isolated from the humidifier produced a significantly positive reaction.
Humidifier fever is probably the best recognised illness associated with exposure to a contaminated humidifier.' Classically this consists of a work related influenza like condition that starts when a person returns to work after a period away.2 There is usually a delay of some four to eight hours before symptoms occur. Tolerance develops with repeated exposure and symptoms wane some 48 hours after the return to work. 3 The term humidifier lung is currently reserved for the physiological changes occurring in the lung after an acute exposure to contaminated humidifier water. The functional features are a restrictive ventilatory defect, a reduction in gas transfer, and occasionally evidence of airways obstruction; measurements obtained before a shift are usually normal. 2 Humidifier lung seems to differ from most forms of extrinsic allergic alveolitis by not giving rise to radiographic abnormalities or to permanent changes in lung function (although clearly such changes are not necessary for a diagnosis of extrinsic allergic alveolitis).4 This difference may arise because the specific physical properties of the soluble antigen of the humidifier droplet differ from those of the particulate antigens of vegetable dusts.5 The prevalence of humidifier lung in those who complain of humidifier fever is unknown. The cause or causes of humidifier lung or indeed humidifier fever itself remain unclear, although endotoxins are strongly implicated in both. 6 In 1970 Banaszak and colleagues were the first to describe extrinsic allergic alveolitis due to a humidifier occurring among office wor'ers.7 All four workers described had abnormal chest radiographs. The cause was thought to be a thermophilic organism similar to Micropolyspora faeni, which was isolated from the humidifier. Most of the subsequent reports of humidifier related extrinsic allergic alveolitis with radiographic abnormalities have been described with exposure to home cool mist and furnace humidifiers. [8] [9] [10] [11] [12] [13] [14] [15] [16] These contain water that is warm and may become grossly contaminated with thermophilic microorganisms. There have been only five further published reports of contaminated industrial and office cold water humidifiers giving rise to an extrinsic allergic alveolitis with radiographic abnormalities. 4 [17] [18] [19] [20] In two of the cases from the United States thermophilic organisms have been strongly implicated, with positive reactions to inhalation challenges and corresponding precipitins found in the patients.
Most of the organisms found in these contaminated humidifiers, such as Mfaeni, Thermoactinomyces vulgaris, and Aspergillus fumigatus, are well recognised as causing extrinsic allergic alveolitis in different circumstances, such as in farmer's lung.
We report three cases of extrinsic allergic alveolitis not due to thermophilic organisms, occurring in workers in a printing factory who were exposed to a Extrinsic allergic alveolitis caused by a cold water humidifier Symptoms, clinical signs, temperature, spirometric values, and gas transfer were monitored both before and after the challenge periods.
Results

RESPONSE TO BRONCHIAL PROVOCATION TESTS
Two of the workers (1 and 2) had bronchial provocation tests performed with antigen prepared from the humidifier sludge.
Two hours after provocation testing both workers looked unwell. Thereafter they developed striking symptoms of headache, generalised aches and pains, lethargy, chills, and fever. Subject 1 (fig 2) showed an appreciable fall in FEV1, occurring maximally from four to nine hours after the challenge and persisting for at least 24 hours. The gas transfer (TLCO) fell by 19% and transfer coefficient (Kco) by 16% (table 4). These both returned towards baseline at 24 hours. A similar pattern of response was seen in subject 2, with a fall in FEV1(20%) and gas transfer (26%) and a rise in temperature to 38 4°C (table 4). Both workers developed bilateral basal crackles after the provocation tests. Crackles had been present in both workers on initial examination but had cleared in the period between removal from work and provocation testing.
Two non-exposed asthmatic subjects had identical (table 1) . Subject 3 was also treated with steroids but continued to be exposed at work. At first she felt much improved, her exercise tolerance increased, and there was an improvement in lung function. Two years later her lung function and radiographic appearances deteriorated; steroids were increased and azothioprine was added. Thereafter there was a further improvement, Kco increasing to 95% and TLCO to 75% of predicted values (table 1) .
Discussion
The close control of relative humidity at around 55% is particularly important in the printing industry, where changes in moisture content affect the size of the paper. The humidifiers used in this plant were cold water spray humidifiers using chilled water at 15°C, which recirculated from the sump. A proportion of the air from the works is recirculated through the system and, as in many other printing works, the humidifier is particularly prone to bacterial contamination.
All three patients had had recognisable work related symptoms of humidifier fever or occupational asthma or both for some years before a noticeable change occurred. Their symptoms became persistent, with weight loss, deteriorating breathlessness, and cough. Radiographic and histological changes were very similar in all three cases. A predominantly lymphocytic cell count content in the bronchoalveolar lavage fluid is classically found in either sarcoidosis or extrinsic allergic alveolitis. Lymphocyte counts greater than 70% are very rarely found in sarcoidosis and are more commonly found in extrinsic allergic alveolitis.23 24 Kveim biopsy samples were negative for sarcoidosis in all three workers.
In most cases of extrinsic allergic alveolitis due to contaminated humidifiers reported from the United States thermophilic organisms have been isolated from the humidifiers. Precipitating antibodies to these organisms were usually found and when performed, bronchial challenges to these organisms produced positive responses. In the three patients reported here, although precipitins to the humidifier antigen were strongly positive, no single organism so far isolated from the humidifier or any other thermophilic organism tested was significantly positive. A previously reported study of 258 volunteers from this factory showed precipitins to the humidifier antigen present in all those workers with humidifier fever. Although those investigated had not been randomly sampled, precipitins were also present in 63% of the symptom free workers. 25 The finding of precipitating antibodies to avian droppings but not to avian serum, with no appreciable past exposure to birds in two of the subjects, suggests either that a similar organism occurred in both the humidifier sludge and the bird droppings or that cross reacting antibodies are present. In the same way, precipitating antibodies to budgerigar droppings but not to budgerigar serum was found in patients with Japanese summer alveolitis.26 A fungal species, Trichosporon cutaneum, was found to be common to the budgerigar droppings and to dust sampled from the houses. A subsequent bronchial provocation test using the fungal antigen gave positive responses.
Robertson, Burge, Wieland, Carmalt The changes following exposure to antigen in patients (mainly bird fanciers) with extrinsic allergic alveolitis have been carefully studied by Hendrick and colleagues.4 They found that a fall in TLCO was specific but not sensitive. Clinical features of an unwell appearance, symptoms of malaise, widespread aches and pains, headache, and fever were the commonly found changes in patients in whom the disease was classically that of extrinsic allergic alveolitis. Our patients showed similar features after exposure. The specificity of the response in our patients was shown by the complete lack of subjective or objective change after the same provocation testing in two nonexposed asthmatic subjects. Although patients with humidifier fever may show similar changes on provocation testing, such as a reduced gas transfer, these changes do not persist after they have been removed from exposure.2 27 The cause or causes of humidifier related lung disease remains unclear. The endotoxic components of Gram negative bacteria have been strongly implicated in the production of humidifier fever. High levels of endotoxin have been found where water has become grossly contaminated with Gram negative bacteria.
This has been found to occur in humidifiers with organisms such as Pseudomonas6 and also in lake water, where inhalation challenges with the contaminated water reproduced the symptoms.28
Inhalation challenges with humidifier water have also been performed where the reaction was thought unlikely to be due to endotoxin. Edwards and Cockcroft27 reproduced humidifier fever in some sensitive individuals. They considered, however, that the reaction was unlikely to be caused by endotoxin because no reaction occurred in rabbits after they had been inoculated intravenously with a concentrate of the humidifier water. Challenges solely with endotoxin, until recently, had not mimicked the typical features of humidifier fever. 29 
